Structural interventions have been defined as those prevention interventions that include physical, social, cultural, organizational, community, economic, legal, and policy factors. In an effort to examine the feasibility, evaluability, and sustainability of structural interventions for HIV prevention, the Centers for Disease Control and Prevention implemented a project that involved asking experts in HIV prevention and other areas of public health-including injury and violence prevention, tobacco control, drug abuse, and nutrition-to provide input on the identification of structural interventions based on the aforementioned definition. The process resulted in a list of 123 interventions that met the definition. The experts were asked to group these interventions into categories based on similarity of ideas. They were also asked to rate these interventions in terms of impact they would have, if implemented, on reducing HIV transmission. The findings highlight the need for conducting further research on structural interventions, including feasibility of implementation and effectiveness of reducing HIV transmission risks.
Worldwide, 33.4 million people are now living with human immunodeficiency virus (HIV). About 2.7 million people were newly infected with the virus in 2008. The total number of people living with HIV in 2008 was more than 20% higher than the number in 2000, and the prevalence was roughly threefold higher than in 1990. 1 During the late 1990s, after the introduction of combination antiretroviral therapy, the numbers of new acquired immunodeficiency syndrome (AIDS) cases and deaths among adults and adolescents declined substantially. In the United States, the Centers for Disease Control and Prevention's (CDC's) HIV prevention activities during the past two decades have focused on helping uninfected people at higher risk of acquiring HIV to change and maintain behaviors to keep them uninfected. Despite the success of these efforts in reducing HIV incidence in the late 1980s and early 1990s, the number of new HIV infections was estimated to be 55,400 per year for 2003-2006. 2 A wide range of effective interventions is currently available to reduce transmission of HIV/AIDS. However, most of these HIV prevention interventions focus on changing individual risk behaviors. 3 Long-term, sustainable risk reduction may require taking into account factors that are external to the individual. 4 HIV prevention programs need to address the contexts in which people live; that is, larger, external factors that may influence risk-taking behaviors. Very few of the available HIV prevention interventions address larger structural or environmental factors that either facilitate or impede behavior change. This article describes a process that was undertaken to identify a range of interventions that can be defined as structural, and to examine the feasibility of implementation and their perceived impact if implemented. It was proposed that such interventions could inform CDC policy development and potential program expansion.
Social and economic factors as well as laws and policies affect the transmission and differential distribution of HIV/AIDS. 5 This perspective emphasizes social conditions as determinants of disease. 4, 5 Structural interventions promote health by altering the structural context within which health is produced. 4, 6 Structural interventions have been defined as HIV prevention interventions that include physical, social, cultural, organizational, community, economic, legal, and policy factors. 7 Research has highlighted the role of structural factors that either facilitate behavior change or act as barriers to risk reduction. 8, 9 These factors either directly or indirectly affect an individual's ability to reduce the risk of getting infected or assist in changing behaviors. For example, stable housing for HIV-positive individuals was associated with changes in risk behaviors. Changes in housing status significantly reduced the risks of drug use, needle use, needle sharing, and unprotected sex. 10 Similarly, uninterrupted insurance coverage, as a structural intervention, had shown strong and positive effects on the use of ambulatory care and antiretroviral therapy. 11 In recent years, conditional cash transfer programs have focused on changing health behaviors such as smoking cessation, weight loss, and, more recently, promotion of HIV/AIDS prevention. 12 Examination of social and environmental factors that influence risks suggests that modifying these social environmental factors may facilitate risk reduction by the individuals and also provide justification for developing intervention approaches tailored to specific determinants of risks. 13, 14 Successful structural and environmental public health interventions in other domains include taxation on cigarettes, as well as helmet and seat belt laws. Public policy may play a role in shaping environmental outcomes to stem HIV transmission. 15 A recent study identified strategies for HIV prevention by collecting the opinions of behavioral scientists who have conducted research in the area of HIV prevention in the U.S. 16 In this article, we describe a similar process that was undertaken in 2003 to identify structural interventions for HIV prevention, explore the perceived feasibility of implementing these identified interventions, and estimate the impact these interventions would have on HIV transmission. This process incorporates views and suggestions about structural interventions from a large number of experts in the field of HIV prevention. The identification of interventions was based on a specific definition of structural intervention. Structural interventions are those that address physical, social, cultural, organizational, community, economic, legal, or policy aspects of the environment. The methodology allowed the experts to contribute to this process and facilitated the inclusion of a wide range of interventions.
APPROACH
The process involved utilizing a methodology termed "concept mapping." Concept mapping is a mixed-methods planning and evaluation approach that integrates familiar qualitative group processes (e.g., brainstorming and pile sorting) with multivariate statistical analyses to help a group describe its ideas on any topic of interest and represent these ideas visually through a map. [17] [18] [19] The process typically requires the participants to brainstorm a large set of statements relevant to the topic of interest, individually sort these statements into piles of similar ones, rate each statement on one or more dimensions, and interpret the maps that result from the data analyses. The analyses typically include multidimensional scaling (MDS) of the sort data, hierarchical cluster analysis of the MDS coordinates, and computation of average ratings for each statement and cluster of statements. The resulting maps show the individual statements in two-dimensional (x,y) space with more similar statements located closer to each other and grouped into clusters. Participants are actively involved in interpreting the results to ensure that the maps are understandable and labeled in a meaningful way. Concept mapping has been used effectively to address substantive issues across a wide range of fields. [20] [21] [22] [23] [24] [25] 
Data collection
Data were collected in a number of steps. First, a working group was formed that included representatives from CDC and a number of subject-matter experts affiliated with various research institutes. These experts had conducted research in this area and had been promoting the need for developing and implementing structural interventions for HIV prevention.
Second, the working group identified 239 stakeholders and subject-matter experts from a broad range of disciplines and regions of the U.S. The stakeholders and subject-matter experts were identified and selected based on their knowledge, expertise, and involvement in HIV prevention research and program activities and structural interventions. As the stakeholders were identified based on their knowledge and expertise, many of them came from outside the U.S., both from developed and developing countries. It was also decided that most participants needed to be representatives of the HIV prevention community, such as state and local health departments, community-based organizations, academic and research institutes, and state and federal government agencies, including CDC. Participants outside the field of HIV/AIDS, such as cancer prevention and tobacco control, were also included to generate ideas that were found to be useful in non-HIV areas. It was expected that individuals outside HIV prevention would bring new perspectives to the field.
Third, the working group developed a focused prompt, namely: "Structural factors associated with HIV transmission may include physical, social, cultural, organizational, community, economic, legal, or policy aspects of the environment. To address these structural factors, a specific action (e.g., project, intervention, or social change) that has been or could be taken to reduce HIV transmission is. . . ."
Fourth, the stakeholders and subject-matter experts were invited to participate in the project and contribute to its development and implementation. Stakeholders and subject-matter experts were asked to provide ideas and/or lists of interventions that would meet the previously described definition. They were provided with a Web address on which they could submit their intervention/project/action ideas online. They were asked to generate as many statements as possible and enter them into the system. The participants had eight weeks to respond to our request. During this eight-week period, they had the option of generating and entering statements in more than one session. Recognizing that the participants' locations and access to technology varied, the project enabled multiple ways to submit ideas-for example, using a fax-back form or mail. This process resulted in the generation of 393 statements from an estimated 75 different participants. Because the brainstorming was anonymous, the estimate was based on Web traffic patterns. Each statement represented an action, an intervention, or a project.
Finally, after receiving the statements, a smaller number of working group members met and reviewed each statement to edit, consolidate, eliminate redundancy, and minimize any confusion in meaning. Editing and consolidation were necessary to sort and rate the statements. The following criteria were used to generate a final set of statements:
• Relevance to the stated focus question or within the scope of the question at hand;
• Redundancy; and
• Clarity of meaning.
The goal was to have a set of mutually exclusive statements, with only one main idea in each and with no loss of content from the original list. This process generated a final list of 123 statements. Statements that were considered too broad, nonspecific, and general in terms of their relevance to the focus statement (e.g., "end racism, homophobia, and gender inequality") were not included in the final list of statements. These statements identified a social injustice without identifying a strategy by which to address that social injustice. In addition, such goals may not be seen by the public as falling within the appropriate range of action for public health. 4 Homophobia and racism fall under this category.
Sorting and rating
After editing and consolidation were complete, a smaller group of stakeholders (70/239) volunteered to log on to another Web page for sorting and rating.
They were asked to organize or sort the final list of statements (n5123) into groups or clusters based on similarity of ideas. They were also asked to provide a brief label that summarized the contents of each of their groups/clusters. The individual interventions were grouped into 11 categories based on similarity of concepts. Next, 169 stakeholders from the original list of 239 volunteered to rate the 123 statements on a 1-to-5 scale of both feasibility and impact upon HIV incidence that these structural interventions might have if implemented. Considering the political context, capacity, and resources, they were asked to examine the feasibility of implementing the intervention within five to 10 years on a scale of 1-5, where 1 5 no feasibility and 5 5 very strong feasibility, and to determine how much of an impact they thought it would have, if implemented, on curbing the HIV epidemic, where 1 5 no impact and 5 5 very strong impact. Impact and feasibility scores were perceived by the project participants and not necessarily based on any empirical findings. The mean impact scores varied widely from 2.92 to 4.13. The stakeholders had the option of completing the task using the dedicated website, or by faxing back a form sent to them.
Data analyses
We used Concept Systems, Inc., software to analyze the data. 26 We used MDS and hierarchical cluster analyses to detect dimensions that would allow us to explain observed similarities or dissimilarities (distances) between the objects and help us find relatively homogenous clusters of cases based on measured characteristics. MDS is a statistical technique for displaying differences between items, as if they were points on a map or in a three-dimensional space. The greater the distance, the more different the items are in the opinions of people who rate them. This statistical technique is used for perceptual mapping. Hierarchical cluster analysis is a statistical method for finding relatively homogeneous clusters of cases based on measured characteristics. This data-reduction technique starts with each case in a separate cluster and then combines the clusters sequentially, reducing the number of clusters at each step until only one cluster is left.
The analysis used the sorted information, discussed previously, to construct an NxN binary, symmetric matrix of similarities, for all sorting participants. We analyzed the total similarity matrix using non-metric MDS analysis with a two-dimensional solution. The solution yielded a configuration in which statements grouped together most often by the participants were located more closely in a two-dimensional space than those grouped together less frequently. The configuration resulting from the MDS analysis was the input for the hierarchical cluster analysis. To determine the best fitting cluster solution, the analysts examined a range of possible cluster solutions suggested by the analysis, and took into account the fit of the contents within clusters, as well as the specific desired uses of the results in planning and action development. Lists were developed of interventions that scored above-average ratings on feasibility and impact. All values above the group mean were considered to be high.
FINDINGS
In the following sections, we present some of the findings related to the project. Of the stakeholders, 64 provided information on types of work including types of organization and where they were located. The majority (n540) worked on U.S. domestic HIV/AIDS issues, and 11 of the stakeholders were based in the U.S. but worked internationally. Types of organizations where they worked varied from academic institutions to state and local government.
In terms of the findings related to the interventions, we first present the final list of 123 interventions categorized into 11 clusters along with the feasibility and impact rating scores of each intervention, as well as mean rating scores of each cluster (group) of interventions. Second, we present the list of 11 interventions with the highest mean feasibility and impact score within each cluster.
Point-cluster map
The point-cluster map (Figure 1) shows the distribution of all 123 statements (Table) in relation to each other, as arranged by MDS. The numbers on the map correspond to the statement numbers listed in the Table. Points that are closer together are similar in meaning. There are 11 clusters based on sorting conducted by the participants. Each cluster consists of items that contribute to a common theme. Based on types of statements that are grouped together, these 11 clusters have been labeled according to the contents of the clusters (Figure 2 ). The labels are subjective, as they have been selected based on similarity of concepts within the statement clusters. The shape and size of the clusters reflect the breadth or specificity of the clusters, with large clusters typically covering more area than smaller clusters. For example, harm reduction/substance abuse treatment is relatively broad in meaning because there is a wider disbursement of points within the cluster. On the other hand, medical innovation is a relatively tightly defined cluster as indicated by the relative proximity of the statements within the cluster.
Rating scores of interventions
The Table provides the list of interventions within each cluster as well as the mean feasibility and impact scores. Within the community-building cluster, examining the effects of the provision of housing for HIV-seropositive people as an HIV prevention tool is considered to have high feasibility of implementation. On the other hand, within the medical innovation cluster, supporting vaccine research and increasing research on microbicides have the highest rating in terms of both feasibility and impact. Similarly, within the prevention-in-care cluster, 11 interventions received scores equal to or higher than the mean feasibility score, and 13 interventions received scores equal to or higher than the mean impact score. For the prison cluster, four interventions received scores higher than the total mean feasibility score and two interventions received scores higher than the total mean impact score.
The Table also shows that medical innovation had the highest mean scores in terms of feasibility and impact. Taxes had the lowest feasibility and impact rating, which may indicate that interventions that are within the medical/clinical arena would be feasible to implement and would have the highest impact on curbing the HIV epidemic. On the other hand, raising alcohol, Viagra ® , and commercial sex venue taxes may not be feasible and, if implemented, would have the least impact on curbing the HIV epidemic.
Comparing impact with feasibility
In Figure 3 , each cluster is arrayed on a vertical number line for feasibility and on another vertical line for impact. The mean impact score of some of the clusters was higher than the mean feasibility score of those clusters. This finding indicates that interventions within these clusters, if implemented, would have high impact; however, they would not be feasible to implement. On the other hand, the mean feasibility score of some of the clusters was higher than the mean impact score of those clusters. A few of the clusters had similar mean impact and feasibility scores.
DISCUSSION
This project stimulated ideas from subject-matter experts around structural interventions that might be studied and eventually implemented to reduce HIV incidence. The findings presented in this article provide a suggested list of structural interventions for HIV intervention that may be studied and implemented should they be both feasible and efficacious at reducing HIV incidence. The concept mapping technique also outlined a general taxonomy of these structural interventions. The project also attempted to determine those structural interventions with the greatest perceived impact on HIV incidence that would also be feasible to implement.
Limitations
We attempted to identify and highlight structural interventions that may have significant impact in terms of reducing HIV transmission if implemented; however, our study also had a number of limitations. A total of 239 subject-matter experts representing a range of related fields and relevant agencies were identified. Of these, 75 volunteered to participate in the ideageneration process, 70 volunteered to participate in the concept-sorting process, and 169 volunteered to participate in the rating of statements in regard to perceived feasibility and impact. Because a volunteer could participate in all three steps, their opinions would be weighted more heavily in the final products of the process than those volunteers who participated in only one or two of the procedural steps in this methodology. The experts did not have to explain why they perceived something to be feasible and would have high impact. The responses could be biased based on the expertise and experiences of the experts. Most of the concepts have never been implemented and, thus, expert opinions regarding feasibility and impact were admittedly subjective. Even though every effort was made to invite and include subject-matter experts from countries outside the U.S., the majority of the participants were 
CONCLUSIONS
Further research will be needed to assess the feasibility and effectiveness of some of these identified interventions. Findings from these studies and programmatic efforts will help identify appropriate structural interventions that will be feasible to implement, sustainable, and lead to further prevention of HIV transmission.
